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Abstract

An indentation–quench method based on Vickers cracks for measuring thermal-shock properties has been applied to b-sialon
materials. The thermal-shock properties have been correlated with the morphology of the b-sialon grains, the z value in the b-sialon
solid solution Si6�zAlzOzN8�z and the amount of residual intergranular glass phase. z Values in the range 0.6–3.0 were tested, and

the amount of residual yttrium-containing glass phase was varied between 0 and 20 vol.%. The best thermal-shock resistance was
found at low z values, and was further improved by adding an intergranular glass phase. The poorest resistance to thermal shock
was found for the highest z value where the presence of glass had no measurable influence. One composition (z=1.5, 10 vol.%

glass) was selected for studying the influence of the microstructure on the thermal-shock properties. The microstructure was varied
by applying different sintering conditions. An improvement of the thermal-shock properties and the fracture toughness was found
in samples containing elongated b-sialon grains formed in situ. In general, in-situ reinforced b-sialon materials with low z values

and containing an intergranular glass phase exhibited the best thermal-shock resistance and improved fracture toughness
(K1c>4 MPa m

1
2). # 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

b-sialon, represented by the formula Si6�zAlzOzN8�z

(04z<4.2), is a solid-solution phase with a structure
similar to hexagonal b-Si3N4. Ceramics based on the b-
sialon phase are a series of well-commercialised materi-
als prepared in large volumes for various engineering
applications, preferably at temperatures below 1000 �C.
Without additives, though, monophasic b-sialon cera-
mics are difficult to compact pressure-less due to the
lack of a liquid phase, and processes such as hot press-
ing (HP), hot isostatic pressing (HIP), and spark plasma
sintering (SPS) have been applied to prepare fully com-
pacted bodies. Even very small additions of sintering
aids improve the densification kinetics dramatically,
implying that components of very complex shape, made
of b-sialon based ceramics, can be compacted to theo-
retical density by pressure-less sintering techniques.
The SPS technique provided the best possibilities to

control the microstructure. By altering the sintering

temperature, pressure and the sintering time, the micro-
structure could be controlled so that the morphology of
the formed b-sialon grains was varied between equiaxed
and well-developed elongated shape.
As b-sialon-based ceramics are used for applications

such as load-bearing components, their mechanical
properties, e.g. flexure strength, fracture toughness,
hardness, and high-temperature creep resistance, have
been extensively studied.1 However, comparatively little
attention has been paid to their thermal-shock proper-
ties. Up to now, there have been no systematic studies
of the correlation between thermal-shock properties and
structural and chemical compositional parameters of b-
sialon materials, e.g. of the formed b-sialon grains, and
the amount of residual intergranular glass present. Nei-
ther are there any reports on correlation between the
microstructure and the thermal-shock properties. Such
correlations ought to be of great importance in applica-
tions where resistance to thermal cycling is a pre-
requisite, i.e. for cutting-tool inserts and molten-metal
handling pipes.
Various methods have been developed over the years

to measure the thermal-shock properties of various
materials. Most of these methods are based on test bars,
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of specified dimensions and geometries, which are
heated to thermal equilibrium in a furnace, then quenched
in a water bath, and subsequently subjected to three- or
four-point bending-strength tests.2�5 The manufacturing
of test bars with well-defined shape and surface finish is
complicated. In that type of investigation, each test bar
can only be used once, implying that separate bars are
required for each temperature to be tested, and in order
to improve statistics several bars are normally tested at
each temperature. Using these methods is thus both
time-consuming and costly, which complicates the eva-
luation of thermal-shock properties.
Andersson and Rowcliffe6 have developed a method to

determine such properties based on making small initial
Vickers cracks on a polished plate of defined thickness of
the material to be tested. The indented plate is heated in a
vertical tube furnace and subsequently quenched in a
water bath, and the crack growth is measured and corre-
lated with the temperature difference between the furnace
and the water bath. The growth is measured as an aver-
age percentage of the original crack length. The method
allows the same sample to be used throughout a test
series of different quenching temperatures, and the sta-
tistics are improved by measuring the crack growth for
several indentations made on the same sample. Petters-
son et al.7 have studied the influence of different experi-
mental parameters when using this indentation-quench
method. The method provides us with an efficient way
of obtaining comparable thermal-shock data for mate-
rials of similar compositions, and we have used it to
perform systematic studies of sialon-based ceramics.
In this article, we report the thermal-shock properties

of b-sialon-based materials prepared with and without
additions of sintering aids i.e. b-sialons with different z
values where also the amount of intergranular glass
phase is varied. The sintering conditions were varied for
one selected composition, which yielded different types
of microstructures. The relation between these micro-
structures and the thermal-shock properties is discussed.

2. Experimental

2.1. Sample preparation

Three series of b-sialon samples were prepared in the
present work. Samples of series A were designed to give
pure b-sialon ceramics with z values of 0.6, 1.0, 1.5, 2.0
and 3.0. In the B series, 5, 10 and 20 vol.% of a sec-
ondary intergranular glass phase was added to the A
series compositions, see Table 1. This added glass phase
had the nominal overall composition Y1.75Si2.625
Al1.0O7.5N1.25 (28Y; 56Si; 16Al; 80O; 20N in equiva-
lent%1). In the C series, the sintering conditions of the
b-sialon with z=1.5 and 10 vol.% glass were varied,
yielding different microstructures.

Specimens were prepared from commercial Si3N4

(UBE, SN-E10), AlN (H.C. Starck-Berlin, grade A),
Y2O3 (99.9%, Johnson Matthey Chemicals Ltd.), Al2O3

(Alcoa, A16SG) and SiO2 (99.9%, <325 mesh, Johnson
Matthey Chemicals Ltd.), and corrections were made
for the small amounts of oxygen present in the Si3N4

and AlN raw materials. The starting-material mixtures
were milled in water-free propanol for 24 h in a plastic
jar, using sialon milling media. The dried powder mix-
tures were sintered by hot pressing (Thermal Technol-
ogy Inc.) for 90 min at a temperature of 1750 �C and a
pressure of 30 MPa, in order to ensure full density. The
starting powder mixture was loaded in a cylindrical
carbon die with an inner diameter of 12 mm. The sam-
ples A2 and A3, see below, had to be hot-isostatically
pressed for 60 min at a temperature of 1820 �C and a
pressure of 200 MPa in order to become fully dense.
Sample A1 could not be fully densified by the hot-iso-
static pressing technique but, using the spark plasma
sintering (SPS) technique, fully dense samples were
obtained at 1700 �C and a pressure of 50 MPa with a
holding time of 3 min. The obtained densities matched
those obtained by Ekström et al.8 and the samples were
thus considered fully dense.
The samples in series C were prepared by the SPS

technique at temperatures in the range 1500–1600 �C, at
a pressure of 50 MPa and with holding times between 0
and 15 min. By adjustment of the processing conditions,
different microstructures were obtained, i.e. samples
consisting of sub-micro equiaxed grains, ultra-fine elon-
gated grains and well-developed elongated grains. The
thermal-shock behaviour of this series of samples was
used to evaluate the relation between microstructure

Table 1

Overall compositions of the starting materials (in wt.%)

Sample Nominal

z value

GP vol.

% a

Y2O3 Si3N4 AlN Al2O3 SiO2

A series

A1 0.6 – – 90.41 5.29 4.33 –

A2 1.0 – – 83.60 7.09 9.33 –

A3 1.5 – – 75.12 9.33 15.56 –

A4 2.0 – – 66.67 11.57 21.87 –

A5 3.0 – – 49.84 16.03 34.14 –

B series

B1 0.6 5 2.75 87.14 3.73 6.37 –

B2 0.6 10 5.48 83.94 2.19 8.38 –

B3 0.6 20 10.84 73.33 4.14 6.19 5.49

B4 1.0 10 5.50 77.86 3.78 12.85 –

B5b 1.5 10 5.53 70.28 5.76 18.41 –

B6 2.0 10 5.56 62.74 7.73 23.95 –

B7 3.0 5 2.83 48.80 13.82 34.55 –

B8 3.0 10 5.63 47.77 11.64 34.95 –

B9 3.0 20 11.11 45.75 7.37 35.75 –

a The designed amount of a secondary intergranular amorphous

glass phase (GP) in volume percent.
b This composition was used also for preparation of series C.
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and thermal-shock resistance. The preparation condi-
tions, phase composition, density, hardness and fracture
toughness of the prepared samples are given in Table 2.
The SPS processing was carried out in vacuum in a

spark-plasma sintering apparatus, Dr. Sinter 2050
(Sumitomo Coal Mining Co. Ltd., Japan). The powder
precursors were loaded in a cylindrical carbon die with
an inner diameter of 12 mm in the same way as for the
hot-pressing experiments. From 600 �C and up, the
temperature was monitored by an optical pyrometer
focused on the surface of the die, and a heating rate of
100 �C/min was applied.

2.2. Characterisation techniques

The densities of the sintered specimens were measured
according to Archimedes’ principle. Before the studies
of mechanical and microstructural characteristics, the
specimens were carefully polished by standard diamond

polishing techniques. The hardness (Hv10) and indenta-
tion fracture toughness (K1C) at room temperature were
obtained with a Vickers diamond indenter with a 98 N
load, and the fracture toughness was evaluated accord-
ing to the method of Anstis et al.9, assuming a value of
300 GPa for Young’s modulus. Five indentations were
made in each sample, and the average is given. The
sample microstructures were investigated in a scanning
electron microscope (SEM, Jeol 880) equipped with an
energy-dispersive spectrometer (EDS, LINK ISIS). To
obtain the best contrast between different phases, the
micrographs were recorded in back-scattered electron
mode (BSE) at an acceleration voltage of 20 kV. The
amounts of intergranular glass phase in series B were
evaluated with an image-analysing package supplied
with the LINK ISIS system. Images were collected at
10 kV acceleration voltage, and the contrast difference
between the b-sialon grains and the yttrium-containing
glass phase was used to estimate the phase content in

Table 2

The different SPS sintering conditions used to prepare the samples in series C and the resulting phase composition and b-sialon morphology

Sample Sintering temperature (�C) Dwelling time (min) Phase composition Morphology

C1 1500 15 b+8%a Sub-micro equiaxed

C2 1550 5 b+8%a Sub-micro equiaxed

C3 1550 15 b Ultra-fine elongated

C4 1600 0.5 b Ultra-fine elongated

C5 1600 15 b Well developed elongated

Table 3

The measured z value and unit cell parameters for the b-sialon phase in the prepared samples and their densities, HV and K1C values

Sample Unit cell

dimension a-axis (Å)

Unit cell

dimension c-axis (Å)

Measured

z value

Measured vol. %

glass

Measured density

(g/cm3)

HV

(GPa)

K1c

(MPa m1/2)

A series

A1 7.6178(3) 2.9187(2) 0.5 3.16 15.2 2.2

A2 7.6308(4) 2.9298(3) 0.9 3.07 16.0 2.6

A3 7.6462(2) 2.9425(1) 1.4 3.06 16.1 4.2

A4 7.6497(6) 2.9471(4) 1.6 3.13 16.6 2.5

A5 7.6791(6) 2.9719(5) 2.6 3.15 15.7 2.6

B series

B1 7.6204(3) 2.9210(1) 0.6 6 3.20 17.9 4.2

B2 7.6205(3) 2.9201(2) 0.6 10 3.21 18.0 4.1

B3 7.6211(4) 2.9186(3) 0.5 26 3.26 15.8 5.3

B4 7.6324(5) 2.9302(5) 1.0 11 3.20 17.1 4.4

B5 7.6492(6) 2.9426(4) 1.5 14 3.19 17.4 3.8

B6 7.6616(4) 2.9542(3) 1.9 14 3.17 16.3 3.4

B7 7.6865(9) 2.9794(4) 2.8 5 3.10 15.1 2.5

B8 7.6849(9) 2.9783(6) 2.8 9 3.13 15.0 2.9

B9 7.6834(4) 2.9740(2) 2.7 18 3.16 14.9 2.9

C series

C1 7.6527(9) 2.9454(9) 1.6 3.19 16.7 3.5

C2 7.6503(8) 2.9452(5) 1.6 3.20 17.2 3.7

C3 7.6483(7) 2.9421(4) 1.5 3.19 16.8 4.0

C4 7.6474(7) 2.9420(4) 1.4 3.18 16.7 4.0

C5 7.6460(4) 2.9411(3) 1.4 3.18 17.1 4.4
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vol.%, which was assumed valid for the whole sample
volume. The estimated minimum and maximum
amounts of glass phase gave an error of 1%.
A focusing X-ray powder diffraction camera of Gui-

nier-Hägg type with CuKa1 radiation (l=1.5405981 Å)
was used to record the X-ray powder diffraction (XRD)
patterns, and powdered silicon (a=5.430879 Å at 25 �C)
was added as internal standard. The computer pro-
grams SCANPI10 and PIRUM11 were used to evaluate
the recorded films. The latter program was also used to
determine and refine the unit cell parameters. The z
value of the b-sialon phase was obtained from its unit
cell dimensions, using the equations given by Ekström
et al.8, see Table 3.
Nominal z values and nominal glass contents are used

in the discussion below, if not otherwise stated.

2.3. Thermal shock measurements

Experimental parameters of the indentation-quench
method, such as sample thickness, crack length and
water bath temperature, were selected according to the
findings of Pettersson et al.7 Cylindrical samples, with a
diameter of 12 mm and a thickness of 3.86 0.42 mm,
were ground to make the two flat surfaces parallel, and
one of these was then carefully polished. Well-defined
cracks were initiated with a Vickers indenter. Four
indents were made on each sample, implying that six-
teen cracks were initiated. In order to make the com-
parison of different samples easier, the original crack
length was held constant around 100 mm. The indenting
load was optimised to give cracks of the desired size for
different materials (see Table 4). The crack length was

measured in an optical microscope (Olympus PMG3). A
vertical tubular furnace was heated to the starting tem-
perature, 190 �C, the sample was hoisted into the fur-
nace, thermally equilibrated for 20 min and then
quenched in a thermostated 90 �C water bath. The
heating and quenching procedure was then repeated at
temperatures stepwise increased by 100 �C. The test pieces
were heated in air, and only a slight oxidation was
observed at the highest temperatures. The samples were
only exposed to temperatures below 1100 �C, in order to
avoid severe surface oxidation.12 The crack growth was
measured at each temperature, and the total percentage
growth (�c) was calculated. We have ranked the thermal-
shock resistance of the studied materials by comparing the
temperature difference inducing 10% growth of the initial
cracks (�T10). This value was found from a linear fit of
all �T��c values measured for a sample.

3. Results and discussion

3.1. Microstructural evaluation

The SEM micrographs given in Figs. 1a–c show the
fractured surfaces of series A b-sialons with z values of
0.6, 1.5 and 3.0, respectively, prepared without addition
of sintering aid. The grain size of the b-sialon phase
increases with increasing z value. The morphology of
the formed b-sialon grains appears to be equiaxed; as no
or very little intergranular glass phase was present. This
is in accordance with the knowledge that a certain
amount of liquid phase facilitate the formation of elon-
gated b-sialon via a dissolution-precipitation mechan-
ism.13 Minor amounts of an intergranular glass phase
seem to have formed in samples with z values 2.0 and
3.0, which is indicated by the fact that the measured z
values were somewhat lower than nominal (see Table 3),
and coarser b-sialon grains were formed.
Fractographic analysis shows that the b-sialons with z

values of 0.6 and 1.5 (Fig. 1a and b) are intergranularly
fractured, implying that the bonding between the grains
is weaker than their internal strength, mainly due to the
lack of any appreciable amount of intergranular glass
phase. The sample with z=3.0, however, has fractured
transgranularly, indicating that the b-sialon grain
strength decreases with increasing content of aluminium
as the z value increases (see Fig. 1c).
Addition of 10 vol.% glass phase makes the b-sialon

grains become more elongated (see Fig. 2a–c). Only a
few elongated b-sialon grains were found with 5 vol.%
glass added, but as the amount of intergranular glass
phase increases, more and more b-sialon grains become
elongated. It is thus to be noted that the grain mor-
phology is strongly dependent on the amount of glass
phase present for samples sintered under the same sin-
tering conditions. A fractured surface of the sample

Table 4

Sample thickness, indentation load and initial crack length for all

samples used in measuring thermal-shock properties

Sample Sample thickness

(mm)

Indentation

load (N)

Initial crack length

(mm)

A1 4.04 35 91

A2 3.94 30 93

A3 4.04 35 100

A4 4.16 35 99

A5 3.74 40 103

B1 3.32 62 103

B2 4.16 60 98

B3 3.24 70 104

B4 4.13 60 99

B5 4.16 55 98

B6 4.15 40 88

B7 3.09 44 119

B8 3.23 40 112

B9 3.14 49 121

C1 4.17 35 87

C2 4.11 35 84

C3 4.17 40 84

C4 4.20 55 101

C5 4.22 55 101
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with z=1.5 and 10 vol.% glass (sample B5) demon-
strates that the debonding and pullout effects are
operative around the elongated grains, see Fig. 3. The
observation indicates that these effects are responsible
for the improvement of fracture toughness and thermal-
shock resistance with increasing glass content (see
below).
In series C, the microstructure of the b-sialon material

with z=1.5 and 10 vol.% glass was varied by adjust-
ment of the sintering parameters. The resulting micro-

structures and phase compositions are given in Fig. 4
and Table 2 respectively. The samples C1 and C2, which
consist of sub-micron-sized equiaxed grains, also con-
tain some 8% of untransformed a-Si3N4.

3.2. Mechanical properties

The hardness and fracture toughness values of series
A samples are shown in Table 3. The z value does not
influence the hardness, while the fracture toughness of

Fig. 1. Micrographs, recorded in SE mode, of fractured surfaces of the samples (a) A1, z=0.6; (b) A3, z=1.5; (c) A5, z=3.0. The samples did not

contain any addition of extra glass.

Fig. 2. Micrographs, recorded in BSE mode, of the samples (a) B2, z=0.6; (b) B6, z=2.0; (c) B8, z=3.0. 10 Vol.% glass is added to all three

samples. The b-sialon grains are black or dark grey and the glass phase is white.
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the sample with z=1.5 is higher than the other compo-
sitions. The z values calculated from the unit cell para-
meters of the formed b-sialon phase reveal that a small
amount of glass phase might have been formed in the
materials, since these values are typically less than pre-
dicted, and more so for higher than for lower z values.
The presence of a residual intergranular glass phase
does not always imply an increase of the fracture
toughness, however, because more fracture energy is
consumed by debonding and/or grain boundary pull-
out mechanisms. Thus, a residual intergranular glass
phase combined with low-z b-sialon grains may yield an
increase of fracture toughness, whereas glass combined
with b-sialon grains of higher z values might not. The
z=1.0 sample is more fine-grained than z=1.5 and,

moreover, contains no glass phase, which explains its
lower fracture toughness. The z=2.0 sample contains
somewhat more glass than z=1.5, but the expected
improvement in toughness was not observed, most
probably because increasing aluminium content in the
b-sialon grains makes them more fragile.
The hardness and fracture toughness values of series

B b-sialon samples with addition of glass are also shown
in Table 3. The extra glass phase has only a minor
influence on the hardness of the materials. The fracture
toughness improves with increasing amount of glass for
low z values, but at z=3.0 the presence of glass no
longer has that influence. Furthermore, it is to be noted
that the fracture toughness with additional glass is
higher for the z=0.6 samples than for those with z=3.0.

Fig. 3. Micrographs, recorded in SE mode, of a fractured surface of sample B5 with z=1.5 and 10 vol.% glass. Pullout effects can be observed

where elongated grains are missing.

Fig. 4. Micrographs, recorded in BSE mode, of samples from series C (a) Sample C1 showing sub-micrometer-sized equiaxed grains; (b) sample C3

showing ultra-fine elongated grains; (c) sample C5 showing well developed elongated grains.
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In series C, the fracture toughness is markedly influ-
enced by the microstructure, thus increasing with the
formation of elongated b-sialon grains and with
increasing grain size. However, as expected, varying
grain morphology does not influence the hardness, see
Table 3.

3.3. Thermal shock properties

The crack extension versus thermal-shock tempera-
ture difference for samples of series A is shown in
Fig. 5a. It is clear that the samples with lower z values
are more shock resistant than those with higher z. For
samples in series B with 10 vol.% glass added, the ther-
mal-shock resistance is improved for all z values except
for z=3.0, see Fig. 5b. At z=0.6, the addition of glass
improves the thermal-shock resistance, and a nominal
addition of 20 vol.% glass (26 vol.% measured) gave the
best resistance measured in this study (see Fig. 6a). At
highest z values, e.g. for z=3.0, the addition of glass did
not improve the thermal-shock properties, see Fig. 6b.
The thermal-shock temperature difference inducing

10% crack growth (�T10) is plotted versus the z value

of the formed b-sialon in Fig. 7a–b, for samples in series
A and B. Apparently the �T10 value decreases with
increasing z, both with and without the presence of
glass, see Fig. 7a. An increase in the amount of glass has
a pronounced effect on �T10 values for low z values
(z=0.6) but not for high values (z=3.0), as can be seen
in Fig. 7b. The sample exhibiting the best thermal-shock
resistance is the b-sialon with a z value of 0.6 and with
20 vol.% nominal addition of glass (26 vol.% mea-
sured), yielding �T10 840 �C. The sample with z=3.0
had the poorest resistance to thermal shock,
�T10 �100 �C, whatever the glass content.
The thermal-shock resistance in series C was found to

be very dependent on the microstructure, and it
improved markedly when elongated grains were formed,
see Fig. 8. It is thus clear that the thermal-shock resis-
tance improves with increasing fracture toughness for
the samples in series B and C, which both contain the
additional glass necessary for the dissolution precipita-
tion process and the formation of elongated grains, see
Fig. 9. Series C exhibits the lowest K1C values for a very
fine-grained morphology, and �T10 does not improve

Fig. 5. Crack growth in percent plotted versus the thermal-shock

temperature difference for b-sialons with different z values (a) without

glass and (b) with 10% glass.

Fig. 6. Crack growth in percent plotted versus the thermal-shock

temperature difference. The amount of glass is varied, keeping the z

value at (a) z=0.6 and (b) z=3.0.
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until the grains become so elongated and coarse that an
in situ reinforcement mechanism becomes active. When
the grains are sufficiently coarse, K1C reaches a value

where the thermal-shock resistance improves markedly
with increasing fracture toughness. From the experi-
ments, the critical K1c value seems to be around
4 MPam

1
2. The thermal-shock resistance of a b-sialon

material is thus balanced by the z value, the amount of
glass, and the morphology of the b-sialon grains.

4. Concluding remarks

An indentation-quench method, based on Vickers
cracks, for measuring thermal-shock properties has
been applied to b-sialon materials with different z values
and amounts of yttrium-containing glass phase. The b-
phase has the composition Si6�zAlzOzN8�z, and the z
value has been varied in the range 0.64z43.0. The
method allows the use of the same sample throughout a
series of increasing quenching temperature differences.
The percentage crack growth is measured at each tem-
perature step, and the statistics are improved by making
several Vickers indents on the same sample.
It was found that the thermal-shock resistance is

highly dependent on the z value, the amount of glass
phase present, and the microstructure. The best ther-
mal-shock resistance was found for low z values. The
good thermal-shock properties of monolithic b-sialon
samples with low z values can be improved even further
by addition of an intergranular glass phase that is a
prerequisite for formation of elongated b-grains, but for
b-sialon samples with higher z values, the thermal-shock
properties do not improve with addition of glass. In two
series the sintering conditions were held constant and
the composition was varied (z value and amount of
intergranular glass). In those series the best thermal
shock resistance was found for a b-sialon with a z value
of 0.6, containing 20 vol.% glass. The poorest resistance
was found for a sample with z=3.0, and for this z value
the thermal-shock properties were not improved by
addition of extra glass phase. In the third series the sin-

Fig. 7. The temperature difference where 10% crack growth (�T10)

occurred plotted as a function of (a) the z value and (b) the measured

amount of intergranular glass phase.

Fig. 8. Crack growth in percent plotted versus the thermal-shock

temperature difference for the samples in series C and the hot-pressed

sample B5, all having the composition z=1.5, 10 vol.% glass. The

thermal-shock resistance improves when the samples are in situ re-

inforced by formation of elongated grains.

Fig. 9. The thermal-shock temperature difference inducing 10% cracks

growth (�T10) measured as a function of K1C for the series B and C.
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tering conditions were varied while the composition
were held constant (z=1.5, 10 vol.% glass), which
resulted in a series of samples with different micro-
structures. The grain morphology was varied from sub-
micron sized equiaxed grains to coarse elongated grains
and the thermal shock resistance was found to improve
considerably for the in situ reinforced samples having
elongated grains to yield about the same good thermal
shock resistance as the best sample described above
(z=0.6, 20 vol.% glass). Thus for a b-sialon with a low
z value it is possible to optimise the thermal shock
resistance by balancing the z-value, the amount of
intergranular glass phase, and the sintering conditions.
It is clear that microstructures containing elongated

b-sialon grains improved also the fracture toughness
values. These findings suggest that there is a correlation
between the thermal-shock behaviour of a material and
its fracture toughness value. b-sialon materials with
fracture toughness K1C >4 MPa m

1
2 are those that can

be most confidently expected to have good thermal-
shock resistance.
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